This article has been designated for CE contact hour(s). The evaluation tests your knowledge of the following objectives: Background Although most intensive care patients are at risk for pressure ulcers, not all experience such ulcers.
The premise that all pressure ulcers are preventable is debatable. In 2008, the Centers for Medicare and Medicaid discontinued payment for treatment of hospital-acquired stage III and stage IV pressure ulcers, a decision based on the premise that pressure ulcers are preventable. 4 However, since then, the National Pressure Ulcer Advisory Panel has posited that not all pressure ulcers are avoidable. 5, 6 Langemo and Brown 7 discussed the concept of skin failure related to hypoperfusion and organ failure, which can be acute, chronic, or end stage and may result in pressure ulcers despite optimal nursing care. Evidence is mounting on the association of comorbid conditions and other risk factors with the development of pressure ulcers in critically ill patients.
The Norton, 8 Waterlow, 9 and Braden 10 scales are used in health care settings to determine the risk for pressure ulcers in adults. The majority of ICU patients at Barnes-Jewish Hospital, St Louis, Missouri, are at risk as indicated by scores on the Braden Scale, yet most do not experience a pressure ulcer. Cox 11 stated that modification of the Braden Scale or creation of a risk assessment measure for the development of pressure ulcers in critically ill patients is needed. In 1999, Defloor 1 published a conceptual scheme for prediction and prevention of pressure ulcers that included pressure, shearing force, tissue tolerance for pressure, and tissue tolerance for oxygen as factors. Defloor stated that the risk for pressure ulcers increases with a decrease in oxygen supply or an increase in oxygen demand.
The conceptual model included several factors in each category. Subsequently, research [12] [13] [14] [15] [16] [17] [18] has been focused on additional risk factors observed in ICU patients to develop a new critical care risk scale. In 2 studies, 12, 13 oxygen and perfusion variables were examined as risk factors for pressure ulcers. However as Defloor 1 noted, a conceptual scheme for risk for pressure ulcers is needed to understand how these risk factors interact. Early intervention is required for patients at increased risk for pressure ulcers, yet more research is needed to better identify risk 19 to provide early intervention and validate the costs of preventive therapies, such as use of specialty beds, equipment, and turn teams.
A model of variables related to extrinsic and intrinsic pressure, oxygenation, and perfusion was initially developed by the principal investigator (D.B.). Variables included in the model were chosen on the basis of clinical observation and refined on the basis of published research. The purpose of this study was to examine a model of variables related to pressure on skin and underlying tissue, oxygenation, and perfusion in addition to baseline comorbid conditions to identify risk factors associated with development of pressure ulcers in critically ill adult patients.
Materials and Methods
The study was approved by the human research protection office. The charts of patients in a 19-bed medical ICU and a 21-bed cardiothoracic ICU at Barnes-Jewish Hospital, a university-affiliated facility, were reviewed.
Pressure ulcer rounds in each unit are conducted weekly by the unit's wound care liaison and unit-based clinical nurse specialist to promptly detect pressure ulcers and determine patient-specific interventions. 
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point prevalence rates are calculated the third week of each month.
A retrospective chart review was conducted on all patients listed on the monthly sheets of point prevalence rates from January 2010 through October 2010. Records were verified to ensure that all ICU admissions for the same hospital admission were correctly identified. All ICU admissions were reviewed separately for 41 variables. No patients or admissions were excluded. Pressure ulcers present at the time of hospital admission were not included in the analysis. For patients who were readmitted to the ICU, history of hospital-acquired pressure ulcers was reviewed to determine hospital location at the time of first documentation of each pressure ulcer. Incidence of ICU-acquired pressure ulcers for the sample was used as the outcome measure. Any staged pressure ulcer was included in the analysis.
Some variables were obtained per patient (eg, emergency department visit, hospital length of stay, mortality). The majority of variables were obtained per ICU admission. Tables 1 through 4 list the types  of variables (ie, pressure , oxygenation, perfusion, and comorbid conditions) with notation when each type was analyzed per patient only. Initially, all 3 nurse team members (D.B., M.S., C.S.) verified the 5 (2) 197 (60) 78 (24) 80 (25) 225 (69) 190 (59) 19 (12) 172 (61) 108 ( (6) 1 (1) 98 (90) 59 (54) 59 (54) 106 (97) 78 (74) 4 (11) 99 (94) 50 (48) 40 (38) 15 (14) 52 ( (2) 238 (55) 49 (11) 25 (6) 20 (5) 21 ( 197 (45) 3 (1) 371 (85) 0 (0) 1 (< 1)
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9 (5) 208 (64) 180 (74) 86 (35) 39 (16) 2.4 (0.6) 5 (12) 93 (85) 73 (80) 44 (48) 10 (11 location of the source for each data variable from the electronic medical record for data extraction into the data base. After the nurses had completed 10 charts together, 1 nurse manually extracted and entered all of the information from the electronic medical record while a second nurse did random audits for accuracy. Random chart audits were done on every 30th ICU admission and on patients with multiple readmissions. Data were extracted when available.
For some variables, any value that met the threshold value during that ICU admission was recorded as yes. Many patients were placed on pressurereduction mattresses or surfaces at the time of ICU admission according to the hospital-bed decision tree, which provides bed choices for a variety of clinical reasons. As a patient's condition changed (eg, hypotension, need for vasopressors, continuous renal replacement therapy), the patient was moved to a low air loss, low-pressure redistribution surface. Additionally, some patients required placement on a bariatric specialty bed or a rotation specialty bed. Of note, the window for moving a patient to the specialty surface because of critically unstable status was sometimes lost. Therefore, some patients had a delay in movement to the specialty surface. Time to surface change was recorded.
Data on comorbid conditions were extracted from the electronic medical record and placed into categories of cardiovascular, pulmonary, and immunological. Cardiovascular comorbid conditions included coronary artery disease, congestive heart failure or cardiomyopathy, diabetes mellitus, pulmonary hypertension, peripheral vascular disease, and end-stage renal disease. Pulmonary comorbid conditions included a diagnosis in the medical record of cystic fibrosis, chronic obstructive pulmonary disease, pulmonary embolism, or a history of smoking. Immune comorbid conditions included chronic steroid use, end-stage liver disease, and vascular collagen disease.
Statistical Analysis
SPSS 22 software (IBM Corporation) was used for all analyses. Frequencies for categorical data and means and standard deviations for continuous data were calculated. A series of bivariate comparisons (analysis of variance for continuous data and c 2 analysis for categorical data) was performed on selected variables. Bivariate analysis was not used with variables that had more than 70% missing data or less than 5% yes responses overall. Two logistic regression models were run that included any variable with a P less than .05 in bivariate analysis.
Because of missing data on some variables, some patients were excluded from the regression analyses. The first model was used to test significant variables for a patient's first admission only (hospital length of stay, sex, race, and comorbid conditions) plus variables that were significant in the bivariate analyses; all variables were entered in a single block. The same process was used in the second model to test significant variables for all ICU admissions and thus excluded variables that were fixed from ICU admission to ICU admission as described earlier.
Results
Charts from 345 patients with 436 admissions were reviewed: 227 admissions (52%) from the cardiothoracic ICU and 209 (48%) from the medical ICU. The sample included 189 men (55%) and 156 women (45%); 251 patients were white (73%), and 91 were African American (26%). Patients' mean age was 60.5 (SD, 15.8) years. The mean hospital length of stay was 24.9 (SD, 22.4) days, with a mean ICU length of stay of 11.0 (SD, 11.1) days. A total of 91 patients had more than 1 ICU admission (range, 2-6). Not included in the analysis were pressure ulcers identified in 58 patients at the time of hospital admission (17%) and in 107 admissions to an ICU (25%).
An ICU-acquired pressure ulcer was identified in 106 patients (31%); a new unit-acquired pressure ulcer developed in 109 of all ICU admissions: 71 among the 227 cardiothoracic ICU admissions (31%) and 38 in the 209 medical ICU admissions (18%). A total of 159 unit-acquired pressure ulcers were detected: 70 admissions had 1 pressure ulcer, 28 had 2 ulcers, and 11 had 3, for a total of 109 admissions with a pressure ulcer. Mean number of days to develop was 9.3 (SD, 7.2) for a first pressure ulcer, 13.6 (SD, 7.8) for a second pressure ulcer, and 15.6 (SD, 8.7) for a third ulcer. The sacrococcygeal area was the most frequent location: 54 patients (50% of patients with pressure ulcers) and 34% of the pressure ulcer sites (see Figure) . In 9 locations, accounting for 49 pressure ulcers, the ulcers were device related. Device-related sites included tracheostomy; ear, from pulse oximetry and nasal cannula; mouth, from endotracheal or oral gastric tubes; rectum, from fecal containment devices; nose, from nasogastric tubes or noninvasive ventilation masks; forehead, from forehead oximetry sensors; penis, from urinary catheter; and posterior part of the neck and the chin, from cervical collar.
A total of 81 patients died (24%): 58 in the medical ICU (72%) and 23 in the cardiothoracic ICU (28%). Compared with patients without a pressure ulcer, patients with a pressure ulcer were more likely to die: 36 of 106 patients (34%) with a Tables 1 through 4 according to model category.
In the pressure, oxygenation, and perfusion models, several variables were significant in the bivariate analyses. In the pressure category (Table 1) , devices, transport off the ICU, need for a switch to specialty bed, delay of 2 or more days before switch to a specialty bed, and deeper sedation score on the Richmond Agitation-Sedation Scale were significantly associated with development of pressure ulcers. Longer hospital and ICU lengths of stay were both associated with development of a pressure ulcer. For oxygenation variables, Svo 2 or Scvo 2 less than 60% for 5 minutes, a ratio of Pao 2 to fraction of inspired oxygen (Fio 2 ) less than 200, oxygen saturation by pulse oximetry less than 90%, low mean level of hemoglobin, and administration of inhaled dilators were all significantly associated with development of pressure ulcers ( Table 2) . Most of the variables in the perfusion category were associated with development of pressure ulcers, including low systolic, low diastolic, and low mean arterial pressure and administration of more than 1 vasopressor (Table 3) . Comorbid conditions associated with development of pressure ulcers included lowest level of albumin, any blood glucose level greater than 180 mg/dL, and a history of pulmonary disease (Table 4) .
In the regression analysis of first admission only (n = 306; Table 5), the model was significant (c 2 27 = 156.66; P < .001; Cox and Snell R 2 = 0.40), and 86.3% of patients were classified correctly. Five variables were significant. For all ICU admissions (n = 397), the model was significant (c 2 20 = 162.40; P < .001; Cox and Snell R 2 = 0.34), and 83.9% of patients were classified correctly. In the second model, 4 of the same variables were significant: any transport off the unit, number of days to bed change, systolic blood pressure less than 90 mm Hg, and use of more than 1 vasopressor (Table 6 ).
Discussion
The purpose of this study was to examine variables related to extrinsic and intrinsic pressure, oxygenation, perfusion, and baseline comorbid conditions to determine complex risk factors associated with the development of pressure ulcers. Current scales for determining the risk for pressure ulcers do not accurately indicate the complexity of the patient's risk, life-saving devices, and comorbid conditions that lead to the development of pressure ulcers. 6, 16, 17, 20, 21 Multiple studies of various risk factors for development of pressure ulcers in critically ill patients have been done. In a systematic review, Coleman et al 20 found that no single factor explained the development of the ulcers. However, an interaction between multiple variables most likely explains why a pressure ulcer develops in some patients but not in other patients at risk. 1, 18, 20 The variables we examined were significantly associated with the development of pressure ulcers, and 4 variables were significant predictors in both regression models.
In our study, a delay of 2 days or more in placement of patients who needed a specialty bed was associated with development of pressure ulcers. Thomas 22 reported that the first preventive action is to reduce the effect of pressure, friction, and shear forces. Preventive interventions include offloading pressure via turning, repositioning of pressure points, and use of pressure-relieving devices. The results of previous research support the timely placement of at-risk patients on low air loss and pressure-relieving or pressure-redistribution mattresses [23] [24] [25] [26] [27] [28] or air-fluidized beds. 29 Low air loss mattresses help control the skin microclimate to reduce skin moisture and temperature, thereby reducing injury of tissue surfaces that interface with the mattress. 28 The National Pressure Ulcer Advisory Panel 19 recommends use of an alternating-pressure air mattress or overlay for patients at high risk who cannot be turned regularly. Cox 17 found that the first 6 days in a medical-surgical ICU were the most vulnerable time for development of pressure ulcers and suggested aggressive implementation of preventive strategies. Previous research and our findings highlight the importance of timely placement of at-risk critically ill patients on surfaces to help prevent pressure ulcers.
During transport of patients, an overlay pressure-redistribution mattress may deflate, leading to inadequate pressure relief. In addition, during the procedure or examination (eg, computed tomography), the patient has no pressure redistribution surface. During movement to the examination table or bed, a patient can experience friction and shear, important factors in the development of pressure ulcers. 18, 30, 31 Use of vasopressors and low systolic blood pressure were significant variables in our study.
Unstable hemodynamic status was broadly defined by the National Pressure Ulcer Advisory Panel as "global or regional perfusion that is not adequate to support normal organ function, including the skin," and when unstable hemodynamic status is "exacerbated by movement, unavoidable pressure ulcers can develop." 5 Critically ill patients often require hemodynamic support, either pharmacological, mechanical, or both, placing the skin and other organs at risk for hypoperfusion. Hemodynamic status was identified as a coadjuvant factor that favors decreased tissue tolerance and development of pressure ulcers. 18 Lower mean arterial pressure 12, 14 or diastolic pressure 13, 32 was a predictor of pressure ulcers. In some studies, 17, 33 lower blood pressure in patients in whom a pressure ulcer developed was not a significant predictor in the ICU or intraoperatively. Boyle and Green 34 used a classification of cardiovascular stable or unstable without specific blood pressure or inotropic support. Unstable cardiovascular status was a risk factor for pressure ulcers. Other investigators 16, 17, 35 reported that vasopressor infusion was a risk factor. Vasopressors are most often administered to patients who have an unstable cardiovascular status. Thus, the concept of organ failure and decreased perfusion seems to play a crucial role in the development of pressure ulcers. The increased risk associated with decreased blood pressure and need for a vasopressor should prompt critical care nurses to implement interventions to prevent pressure ulcers. We collected data on type and dose of vasopressor; however, for simplification of vasopressor categories, we chose to stratify them into 1 or no vasopressors and more than 1 vasopressor. Studies on the impact of specific vasopressors are needed.
Venous and arterial oxygen saturations and a Pao 2 :Fio 2 ratio less than 200 were associated with the development of pressure ulcers. In previous prospective studies of 40 patients 12 and 30 patients, 13 decreased Pao 2 or arterial oxygen saturation were not associated with the development of pressure ulcers. The large number of patients in our study may explain the difference in results. A prospective study with a sufficient sample size is needed to confirm our findings. Pressure from devices presents a challenge. Patients in our study had a multitude of devices that were associated with the development of pressure ulcers. The association between the devices and pressure ulcers also may indicate the prolonged need for critical care such as need for artificial airways and feeding tubes. Our results are consistent with those of Black et al, 35 who found that pressure ulcers of any kind were 2.4 times more likely to develop in patients with a medical device than in patients with no devices.
Use of vasopressors
and low systolic blood pressure were significant variables.
and perfusion model needs to be examined prospectively to validate the findings, eliminate the problem of missing data, assess reliability for nurses measuring the variables, and examine the predictive validity of the model.
Conclusion
Many patients are at risk for pressure ulcers upon ICU admission. A new risk assessment model is needed. Several variables within the model of pressure, oxygenation, and perfusion had a significant relationship with the development of pressure ulcers and were significant in the logistic regression models. A prospective study on these variables is needed to refine the model. Additionally, an understanding of how these variables interact and lead to unavoidable development of pressure ulcers is necessary. Lower albumin level was significant in the bivariate analysis, similar to findings in other studies. 12, 32, 36, 37 Albumin has been viewed as a marker of nutrition and as a marker for decreased oncotic pressure. However, albumin level is affected by the inflammatory response and by fluid replacement. Nutrition plays a crucial role in the risk for pressure ulcers 20, 38, 39 ; however, currently no marker is available to bedside clinicians for evaluation of nutrition risk. 40 Research is needed to expand understanding of nutritional markers of relevance in critically ill patients and the role of the markers in risk for pressure ulcers. Decreased oncotic pressure due to low levels of albumin affects distribution of total body fluids. The association between low levels of albumin and increased risk for pressure ulcers may be due to a change in tissue tolerance, with redistribution of fluid and formation of edema. 37 The presence of a feeding tube might have been a significant predictor for several reasons. A feeding tube may indicate prolonged ICU stay, poor nutrition, or device-related risk for pressure ulcers. Perhaps in future studies, the presence of a feeding tube as a risk factor can be examined in more detail.
In general, pulmonary comorbid conditions have not been examined as a risk factor for pressure ulcers. However, 1 pulmonary condition included in our study has been examined: smoking. In 2 studies 41, 42 in Indonesia, smoking history was identified as a risk factor in ICU patients. The researchers 41, 42 found that smoking more than 10 cigarettes per day increased the risk for pressure ulcers. Research is needed to determine the effect of other pulmonary comorbid conditions on the development of pressure ulcers.
Our results indicated the high mortality of patients in whom pressure ulcers developed. Although pressure ulcers are not the cause of mortality, the association between death and pressure ulcers has been revealed in previous studies. 7, 17 The increased risk for pressure ulcers in critically ill patients who are dying lends support to the notion of skin failure and that not all pressure ulcers are preventable at the end of life.
Limitations
Our study was retrospective and thus depended on the accuracy of input of data by a variety of clinicians and the accuracy of manual extraction of the data. The possibility for error existed for both extraction and input. Also, because of missing data, several variables could not be tested. Last, our sample population was limited to patients from a medical ICU and a cardiothoracic ICU at a single site. Our findings may not be generalizable to other specialty ICU patients. The pressure, oxygenation, 
